
What Is claimed Lmt 



!• A Bieinoxy •ubsyKtem compriBing 

two Aemory devices connected in parallel to e bus, 
said bus including a plurality of bus lines for 
carrying sxibstantia! .ly all address, data and control in- 
formation needed by said nemory devices, 

said control i4forination including device-select 
information, 

said bus contailning substantially fewer bus lines than 



the number of bits in a single address, and 

said bus carrying Idevice-select information without the 
need for separate/dovlce-select lines connected directly to 
individual memory dv.vi,c^< 

2. The memory subsystem of claim 1 wherein said bus 
contains at least 8 bus lines adapted to carry at least 16 
address bits and at least 8 data bits* 



3. The memory 
includes parallel lines 



subsjy^stem of claim 1 wherein said bus also 
for clock and power. 



4. A system comprising 

a memory subsystem of claim 1 wherein each bus of said 



memory subsystem is 



connected to its own transceiver device. 
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transceiver has connscting said transcaiy«r ttoylcasj 



a aieans for transf^irring infonoation between •acih of 
•aid buses of said aemory subsystems and said transceiver 
bus, %Aereby memory sxiblsystems may be integrated into a 
larger system having more memory than an individual memory 
subsystem. 



5. The system of claim 
subsystems . 

6. The system of cl'aljjt 
device connected to said trah 



4 having a plurality of memory 



4/fiirther comprising a master 
;eiver bus. 



7. The system of claim 
selected from the group cons 
a floating point unit and a 



6^%*erein said master device is 
sting of a central processing unit, 
direct memory access unit. 



8. The system of claim 4 further comprising a peripheral 
device connected to the transceiver bus, said peripheral device 
adapted for connection to other devices not on the bus. 

9. The system of clalji 8 wherein said peripheral device is 
selected from the group consi sting of an I/O interface port, a 
video controller and a disk <:ohtroller. 
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20 



_ 10. Th« •yst«a of clala 5 wherein said trante«iv«r bus Is 



I 



in a different plane than the plane] of the bus of each of eald 
Msory atibayateoui • 

11. The system of claijn 5 wherein the bus of each memory 
sxibsystem lies substantially in a /subsystem bus plane and said 
transceiver bus lies substantially in a plane orthogonal to said 
sxibsystem bus plane* 



12. The system of claim 4 having at least two transceiver 
buses, each transceiver bus having A plurality of memory 
subsystem buses connected thfougp/q[ first transceiver to Sjsid 
transceiver bus, 

15 j:^ each of said transceiver biises being fxxrther connected to a 

second transceiver adapted to interface to a second->order 
transceiver bus, hereby each transceiver bus is connected 
through said second trans ceiveif to form a second-order 
transceiver bus unit« 



13. A semiconductor subsystem bus for interconnecting 
semiconductor devices comprising 

a plurality of semiconductor devices connected In 
parallel to a bus, at lejast one of said semiconductor 
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derlctts balxig a mbozv d«vic« or ai transcaiwr lAsrio* which 
In tnxn is conn*ct«d to a Bemoxy/aubsystam, : 



aaid bus including a plurality of bus linas for 
carrying substantially all addriss, data and control 
information needed by said semiconductor devicas, 

said control information ^eluding semiconductor 
device-select information, 

said bus containing sub8t(antially fewer bus lines than 
the number of bits in a single address, and 

said bus carrying devicM^lect information without the 
need for separate device-s^ecl lines connected directly to 
individual semiconductor^ devices , and 

at least one modifiiabl^/register in each of the semi- 
conductor devices on said bu^ said modifiable registers 
being accessible from said bus, whereby the subsystem can be 
configured using signals .transmitted on said bus. 

14. The semiconductor subBystem bus of claim 13 %«herein one 
type of modifiable register is an access-time register designed 
to store a time delay after Lhich a device may take some 
specified action on said bus. 

15. The semiconductor subsystem bus of claim 13 further 
comprising a semiconducto^ device having at least two access-time 
reg'^sters and 
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dam of said acc^BB-tiaie registers Is peznanantlx jr ogr a amiad 
to contain a fixed valua and at laJst ona of said ACca8a<*tiJM 
regiatars can be ttodified by information carried on aaid boa. 



16. The aemiconductor aubsyatem bus of claln 13 further 

/ 

coiq>rising a memory device having/ at least one discrete semory 




section and also having a modifiable address register adapted to 
atore memory address information/ which corresponds to each aaid 
discrete memory section < 

17. The semiconductor iubkyst4m bus of claim 16 herein 
said memory address information C9^prises a pointer to aaid dis- 
crete memory section. 

18. The semiconductor subsystem bus of claim 16 vherein 
said discrete memory section^has a top and a bottom and said 
memory address information comprises pointers to said top and 
aaid bottom. 

19* The semiconductox^ subsystem bus of claim 16 vherein 
aaid memory address information comprises 

a pointer to sai^ discrete memory section and 
a range value ixjdicating the size of said discrete 
memory section. 
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20 • Th« •emiconductor subsystem/ bns of clala %€ ^mln 
said addzttss registers of each of said discrete sMsory sections 
of eadi of said seaory devices connected to said bns are set to 

contain aemory address Information ^that Is different for each 
discrete nemory section and such that the highest siemory address 

In each discrete nemory section Is one less than the lowest 

/ 

rnemoxy address In another dlscre^ memory section, 

lAereby memory may be organised into one or a small number 
of contiguous memory blocks. 




21. The semiconductor^subsysifem bus of claim 16 further 
comprising a means for teatinj/ j/ih of said discrete memory sec- 
tions of each of said meboryjaevlces for proper function, and 

for each non-f\mctl(onal\discrete memory section, a 
means for setting at lefast one address register i«hich 
corresponds to said discrete memory section to indicate that 
said discrete memoz^ section Is non-functl6zial, 

for each functional discrete memory section, a means 
for setting at least/ one address register which corresponds 
to said discrete memory section to contain such 
corresponding address information. 

22. The semiconductor subsystem bus of claim 21 wherein 
said address register^ corresponding to said discrete memory 
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/. ■ - • 

••ctions Bxm mmt to provide one contiguous aeaoxy blodk within 

the eubsystam.'. / 

^ / 

23. The semiconductor subsystem bus of claim 13 wherein one 
of said modifiable registers is a device identification register 
%Aich can be modified to contain a /value unique to that 
semiconductor device. 



24. The semiconductor subsystem bus of claim 23 wherein 
10 3 said device identification register is set to contain a unique 
'3 value which is a function of thf^Vsical position of that 



semiconductor device either^ohg^said bus or in relationship to 
other semiconductor devices or /said bus. 



15 I n 25. A bus subsystem comprising 

'i two semiconductor d'evices connected in parallel to a 

;3 bus, wherein one of salil semiconductor devices is a master 

device, / 

said master device including a means for initiating bus 

20 transactions, / 

said bus including a plurality of bus lines for 
carrying substantially all address, data and control 
information needed by said devices, 

said control i/iformation including device-select 
25 information. 



ihfoj 
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Mid has containing •ubJtantially fMr liBM.than the 
waber of bits ia a single s'ddxess, snd 
r said buB carrying device-select infonnationa ^thont the 

aeed for separate device-sWlect lines connected directly to 
individual devices on said /bus, whereby said naster device 
initiates bus transaction* which transfer inforsation 
bet%9een said semiconductor devices on said bus. 

26. The bus subsystem of claim 25 vherein one of said 
semiconductor devices is a meio^ device connected to said bus, 
said memory device having a^le^t one discrete memory section 
and also having a modif itole/ address register adapted to store 
memory address information %»^ich corresponds to each said 
discrete memory section^. — ^ 

27. The bus subsystem of claim 26 %»herein one of said 
semiconductor devices comprises a transceiver device connected in 
parallel to said bus and ionnected in parallel to a memory device 
on a bus other than said /bus . 

28. The bus subsystem of claim 26 further including a means 
for said master device to request said memory device to prepare 
for a bus transaction by sending a request packet along said bus, 
said memory device and/ said master device each having a device- 
intejnal means to prejlare to begin said bus transaction during a 
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devlce-intexTial phase and further haying a bue accesB sieans to 
effect said bus transaction during a bus access phase, said 
request packet including / 

a sequence of bytes containing address and control 
5 information, / 

said control information/ including information about 
the requested bus transaction and about the access time, 
%ffhich corresponds to a number of bus cycles, %rtxich needs to 
intervene before beginning said bus-access phase, and 
10 13 said address informatliiTpbin to at least one 

E memory location within phejof sffid discrete memory sections 

of said memory device. 



29. The bus subsystem of/ claim 28 wherein said memory 

i , -J / 

15 \^ device includes a means to read said control information and 
J initiate said device-intemali means at a time so as to complete 
i3 said device-internal phase within said access time and begin said 
bus access phase after said humber of bus cycles. 

20 30. The bus subsystem/ of claim 28 wherein said control 

information comprises an op code. 

31. The bus subsystan of claim 30 wherein said memory 
device includes sense ampflifiers adapted to hold a bit of 
25 information or to prechafge after a selected time and a means to 
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transfer a data block during a data /block transfer •ither reading 
data from said memory device or vrixing data into said memory 
device, and / 

irtierein said op code instruc^i/s said memory device to 
5 activate a response means, said response means including a means 
to 

initiate a data block /transfer, 
select the size of said data block, 
select the time to iiiitiate said data block transfer, 
10 i access a contro^^e^ist^r, including reading frcm or 

I writing to said control/ reg/ister, 

precharge said seyse/eunplif iers after each of said data 
block transfers is complete. 



hold a bit of":£hforma^ion in each of said sense 
15 amplifiers after eac^ of said data block transfers is 

complete, or 

select normal 6r page-mode access • 



32* The bus subsystem of claim 31 \^erein said data block 
20 transfer comprises a read from or a write to memory within a 
single memory device./ 



33. The bus subsystem of claim 28 further comprising a 
means for said master device to send control information to a 
25 specific one of said semiconductor devices on said bus by 
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including in said sreguest packe| a device identification nmnber 
unique to aaid. seoiconductor device. 

34. The bus subsystem of claim 28 f\irther comprising a 
means for said master device to send control information to a 
selected one of said discrete memory portions by including in 
said request packet a specific memory address. 



35. The bus subsystem of claim 28 further comprising a 
means for said master deviceyto^^end control information to 
substantially all semicondTkK:tor devices on said bus by including 
in said request packet a yspecialV device identification number 
vhich is recognized by sA^d^jB^iiqonductor devices. 

36. The bus subsystem of claim 28 wherein said control 
information specifies directly or indirectly the nximber of bus 
cycles for said master device and said memory device to wait 
before beginning said bus access phase. 

37. The bus subsystem of claim 36 wherein, for a data block 



transfer, said master device and said memory device use the same 
access time and same data block size regardless of whether said 
data block transfer is a read or write operation. 
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38. The bus Bubsystem of clalja 28 vherein said control 
information fuirther IncludeB a blo'ck-site value that encodes and 
specifies the sise of the block of data to be transferred, 

39. The bus subsystem of claim 38 wherein said block-sise 
value is encoded as a linear valie for relatively small block 
sizes values and is encoded as f logarithmic value for relatively 
larger block sizes. 



10 = 3 40. The bus sxibsystem 

a value is encoded using fo\ 



15 



20 



25 



30 



Encoded Value 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 



claim 38 wherein said block-size 
bits, /and where the encoded value is 



61 



fs^y.e rBvtes> 

0 
1 
2 
3 
4 
5 
6 
7 
8 

16 

32 

64 

128 

256 

512 

1024 
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41. The bus subsystem of claim 26 wherein said memory 
device is a DRAM devicef containing 

a plurality of sense amplifiers. 
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a means to hold said sense kinpllf iers in an unmodified 
state after a read or write operation, leaving the device in 
page mode, 

a means to precharge said /sense amplifiers and 
a means for selecting whether to precharge said sense 

amplifiers or to hold said sense amplifiers in an \inmodified 

state. 

42. The bus sxibsystem of claim 28 wherein said recpiest 
packet comprises an even number off^^tes . 

A / ■ 

43. The bus subsystem of claiai/ps further Including a means 
for generating and controlling a^duirality of bus cycles, during 
vhich said bus carries said addtessAdata and control 
information, and wherein alterriate said bus cycles are designated 
odd cycles and even cycles, respectively, and wherein said 
request packet begins only on /an even cycle. 

44. The bus subsystem of claim 28 further including a means 
for generating ECC informatibn corresponding to a block of data 
and a means for using said ECC information to correct errors in 
storing or reading said blodk of data, wherein said ECC 
information may be stored separately from said block of data. 
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45. The bus subsysten of claim 44 further conpriilng at 
least two of said memory devices iWierein said ECC information and 
said corresponding block of data /are stored In a first and a 
second said memory device, respectively, and said master device 

5 Includes a means to vrite or reafd said block of data with error 
correction by sending separate jbnes of said request packets for 
said ECC information and for sJid corresponding block of data. 

46. A bus subsystem comprising 

10 a memory device aiyT/a^jp ter device connected in 

^ parallel on a bus, 

;;3 a means for siid/niaster device to send a request 

3 packet and initiat!B''a bus transaction and 

iU a means for said lister device to keep track of 

15 i;3 current and pending bus tremsactions , 

iy said bus including a plurality of bus lines for 

Q carrying substantially all address, data and control 
information needed 1^ said memory devices, 

said bus containing substantially fewer lines than the 
20 number of bits in J single address, and 

said bus carrying device-select information without the 
need for separate jdevice-s elect lines connected directly to 
individual device! on said bus, whereby said master device 
initiates bus transactions which transfer information 
25 between devices in said bus and collisions on said bus are 
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i/rJ 



avoided because said master djsvice avoids Initiating bus 
transactions **lch wuld conflict %d.th current or pending 
bos transactions. 



47. The bus subsystem of caalm 46 having at least two of 
said master devices and including 

a collision detecting means whereby a first said master 
device sending a first said request packet can detect a 
second said master devices^ding one of said colliding 
request packets, wher^^ne 6f said said colliding request 
packet may be sent /Simultaneous with the initial sending of 
or overlapping the sending of said first request packet, and 

an arbitration means whereby said first and said second 
master devices select a priority order in %^ich each of said 
master devices will pe allowed to access said bus 
secpientially. 

48. The bus subsystem of claim 47 wherein each of said 
master devices has a master ID n\imber and each of said request 
packets includes a master ID position which is a predetermined 
number of bits in a predetermined position in said request 
packet, and %*herein fiiaid collision detection means comprises 

a means infcluded in each master device for sending a 
request packet /including said master ID number of said 
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■aster device in said naster Ilj! position of »aid request 
packet and 

a neans to detect a colli/sion and invoke said 
arbitration means if any nastter device detects any other 
5 master ID number in said master ID position. 

49. The bus subsystem of claim 47 herein each of said 
master devices includes 

a means for sending a /request packet, 
10 a means for driving aMel^cted bus line or lines during 

3 at least one selected bji^j cycli while said request packet is 

::r! being sent, 

a means for mon/toring/sttid selected bus line or lines 
l y to see if a said masleriifevide is sending a colliding 

15 O request packet and 

iu a means for infomtng all other master devices that a 

i;3 collision has occurred/ and for invoking said arbitration 

means . 

20 50. The bus subsystii of claim 47 wherein each of said 

master devices includes 

a means, when lending a request packet, to drive a 
selected bus line Jt lines with a certain current during at 
least one selected/ bus cycle. 
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a naans for nonitoring said selected bus line or lines 
for a greater than normal currJnt to see if another master 
device is driving that line or/ lines, 

a means for detecting said greater than normal current, 
and / 

a means for informing all said master devices that a 
collision has occ\irred and for invoking said arbitration 
means. 



51. The bus s\ibsystem of 
means comprises 



47 wherein said arbitration 



arbitration cycle. 



a means for ini^datjlng 

a means for allocat/ing^/a single bus line to each master 
device during at leWt/j^Dne kelected bus cycle relative to 
the start of said arbitration cycle, 

a means for alloc/ating each master device to a single 
bus line during one of said selected bus cycles if there are 
more master devices phan available bus lines, 

a means for eac^ of said master devices vhich sent a 
colliding request packet to drive said bus line allocated to 
said master device /dtiring said selected bus cycle, and 
a means in at/ least one of said master devices for 
storing informatijbn about which master devices sent a 
colliding request packet. 
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irtiereby said aaster devices caiy monitor selected bus 
lines during said arbitration cycle and Identify each said 
master device vhlch sent a colliding request packet. 

5 52. The bus subsystem of claim f7 wherein said arbitration 

means comprises 

a means Included In a flrs^t one of said master devices 
%rtilch sent colliding request t/ackets for Identifying each of 
said master devices which sent colliding request packets, 
10 Q a means for assigning a/^lority to each said xoaster 

J device which sent a colliding request packet, and 

a means for allowing each/^ald master device which sent 
a colliding request Mcke/ t^jaccess the bus sequentially 
— according to that priority, 

"2 / 

l U 53. The bus subsystem ybf claim 52 wherein said priority is 

ij based on the physical location of each of said master devices. 

54. The bus subsystem of claim 52 wherein said priority Is 
20 based on said master ID number of said master devices. 

55. The bus subsystem of claim 52 wherein each of said 
master devices Includes a means, ^en sending a colliding request 

.y^ j 

packet, for deciding /which master device cetn send the next 
25 request packet In what order or at what time, whereby no master 
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dovicA say send a new request pactket until responses to each 
pending request packet have been /completed or scheduled. 

56. A bus subsystem cLmprlslng 

a plurality of semiconductor devices connected in 

I 

parallel to a bus, / 

said bus including a /plurality of bus lines for 
carrying substantially all address, data and control 
information needed by sai/d semiconductor devices, 

said control informatioH\including device-select 

inf ontxation , / \ fj . ^. 

said bus contaiians/ substantially fewer lines than the 
number of bits in » single/address, 

said bus carryiQg^i^d Idevice-select information with- 
out the need for separate device-select lines connected 
directly to individual/ semiconductor devices, 

said semiconductca: devices including a reset means 
having an input and ai output, the output of the reset means 
of one semiconductor idevice being connected to the input of 
the reset means of the next semiconductor device in series. 

57. The bus subsystjUn of claim 56 further including system 

reset means comprising 

a means for generating a first and a second reset 

signal. 
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a means for passing said/ first reset signal to a first 
of said semiconductor devices and then to subsequent ones of 
said semiconductor devices in series and 

a means for passing a jiecond reset signal to said first 
semiconductor device and then to said subsequent 
semiconductor devices in series, 
said bus subsystem including /one of said semiconductor devices 

containing / 

a device identif icatloh register adapted to contain a 
number unique to said 6emlot>nductor device within said bus 

subsystem, / \ /• 

a device idefntific^on register setting means, and 
a device resetmeans for resetting said semiconductor 
device to some desiifed, khown reset state in response to 
said first reset si/gnal and for setting said device 
identification register in response to said second reset 
signal , 

idiereby said^ bus subsystem can be reset to a knovm 
reset state with/ a unique device identification value in 
said device identification register of each of said 
semiconductor aevices. 

58. The bus Subsystem of claim 57 wherein said desired, 
known reset state/ is where all registers in the semiconductor 
device are cleared and the state machines are reset. 



High Performance Bus Interface -82- 



20 




59. The bus subsystem of clalan 57 %*herein said device 
Identification register setting mealns comprises 

a means for detecting said second reset signal, 
5 a means for reading a divice identification number from 

said bus lines at a specif i^ time relative to said second 

reset signal and 

a means for storing sAid device identification number 
in said device identificajtion register of said semiconductor 
10 1:3 device. 

i;3 60. The bus subBystem 6f claim 57 wherein said second reset 

% signal comprises multiple MM sequences and wherein said device 
identification setting means ii^ludes 
1513 a means for interpreting said pulse sequences as a 

ry device identification ntimber and 

A a means for st6ring said device identification number 

in said device identification register of said semiconductor 
device. 



61. The bus subsystem of claim 57 \rtierein said device reset 
means comprises an u/stage shift register capable of storing li- 
bit values, wherein /said device reset means interprets a specific 
value in said shifti register as said first reset signal and 



High Performance Bus Interface -83- 



Interprets a specific value in said shift register as said second 
reset signal. 

62. The bus sxibsystem of claim 57 vherein one of said 
semiconductor devices is a master devl/ce, said master device 
including a means for generating said' first and said second reset 
signals. 



63. The bus subsystem of claim 57 vherein one of said 
semiconductor devices is a master device, said master device 



including 

a master ID register, 

a means for assigrling^mafster ID number to said master 
device amd 

a means for storing ^^aid master ID number in said 
master ID register. 

64. The bus subsystem off claim 63 further comprising a 
second one of said master devices, and a means for a first one of 
said master devices to assign a master ID number to substantially 
all other said master devices, vrtiereby said first master device 
assigns one of said mastea* ID numbers to each of said master 
devices on said bus s\ibsyfetem and each said master device stores 
said assigned master ID number in said master ID register. 
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65. The bus subsystem of claim ^ vherein one of said 
semiconductor devices includes a device-type register adapted to 

/ 

contain an identifier characteristic^ of that type of 
semiconductor device, and one or moire modifiable registers, at 
least one of vhich is an access-ti^e register adapted for storing 
access times. 

66. The bus subsystem of cl'aim 65 %Aerein one of said 
semiconductor devices is a master device having 

a means for selecting /a semiconductor device, 

a means for reading ^id^device-type register of said 
selected semiconductor idevice, 

a means for dete24iningj the device type of said 
selected semiconductor de/ice, 

a means for detem^ing^iccess-time values appropriate 
for said selected semiconductor device and for storing said 
access-time values in iaid access-time registers of said 
selected semiconductor device, and 

a means for seleiting and storing other values 
appropriate for said /selected semiconductor device in 
corresponding registers of said selected semiconductor 

device, / 

whereby said master device can select a semiconductor 
device, determine jlrhat type it is, and set said access-time 
and other registers to contain appropriate values. . 

High Performance Bus Interface -85- 



10' 



15 



20 



67. The bus •ubsystem of claim ^6 6 further coii5)ri»ing a 
memory device having at least one discrete memory section and at 
least one modifiable address registir adapted to store memory 
address information which corresporids to each of said discrete 

memory sections , and 

said master device further comprising a means for selecting 
and testing each of said discrete/ memory sections and a means for 
storing address information in said address registers 
corresponding to each of said di^^3:e memory sections, whereby 
eaid master device can test sJd discrete memory sections and 
assign unique address values thereto. 



68. A. bus subsystem c< _ 

two semiconductor devices connected in parallel to a 
bus, one of said semiconductor devices being a master 

device, / 

said bus including a plurality of bus data lines for 
carrying substantially all address, data and control 
information needed by said semiconductor devices, 

said control in^'formation including device-select 

information, / 

said bus containing substantially fewer of said bus 
data lines than th'e number of bits in a single address, and 
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•aid bus carrying dovlco-seloct information %#ithout the 
need for separate device-select li/ies connected directly to 
individual semiconductor devices, / 

%»herein all of said bus data/ lines are terminated 
transmission lines and all of said address, data and control 
information is carried on said bus data lines as a 
sequential series of bits in thfe form of low-voltage-swing 
signals . 



69. The bus subsystem of tflaim 68 further comprising a 
semiconductor device includi^^^ a iur/ent-mode driver connected to 
drive one of said bus data 



70. The bus subsystem of claiik69 further comprising a 
semiconductor device having a m'eans to measure the voltage of 
said low-voltage-swing signals /on a selected one of said bus data 
lines, whereby said semiconductor device can determine whether 
sero, one, or more than one of said current-mode drivers are 
driving said selected bus data line. 

71. The bus subsystem/of claim 70 further comprising a 

semiconductor device having 

a plurality of i^put receivers connected to one of said 

bus data lines, and 
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a •election means for aele/ting said input receivers 
one by one to sense and store,/ one at a tine, the bits of 
said sequential series of bits. 

72. The bus subsystem of cl^im 70 further comprising a 
semiconductor device having t%ro input receivers connected to one 
of said bus data lines. / 

73. A bus subsystem comprising 

two semiconductor/^vicds connected in parallel to a 
bus having a first ax4 J sefcond end, said bus including a 
bus clock line, saiti hni/cLock line having first and second 
ends corresponding WsaidVf irst and second ends of said 
bus, respectively, / 

a clock generator connected to said first end of said 
bus clock line to generate early bus clock signals with a 
normal rise time, and 

signal return means at said second end of said bus 
clock line to retuin said early bus clock signals to said 
first end of said /bus as corresponding late bus clock 
signals, 

whereby eacl/ of said early bus clock signals will 
propagate from Jaid clock generator along said clock line 
starting from Jaid first end to said second end of said bus 
and then returi at a later time to said first end of said 
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bus as a corresponding late bus cldck signal, %rtiereby each 
semiconductor device on said bus yan detect eald early , bus 
clock signals and said corresponding late bus clock signals. 

5 74. The bus subsystem of claim /7 3 further comprising a 

first and a second said bus clock line having first and second 
ends at said first and said second ends of said bus, 
respectively, wherein said signal /^-urn means directly connects 
said second ends of said first an/saijd second bus clock lines 
10 vhereby each of said early bus/cl/ock iignals will propagate from 
;;Ssaid clock generator at sai<yfirit/epd of said bus along said 
first bus clock line to eaLd^eJ^^d ^nd of said bus and then 
return on said second bus clocl( line to said first end of said 
bus as one of said correspondi/ng late bus clock signals. 

75. The bus subsystem of claim 73 wherein said signal 
return means comprises saidVf irst bus clock line without a line 
iia terminator at said second clnd thereof whereby each of said early 
bus clock signals reaching^ said second end of said first bus 
20 clock line will be ref lecLd back along said first bus clock line 
as said corresponding late bus clock signals. 
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76. 9he bus subsystem of claia/ 73 further con^rlsing 

a means for operating said bus in bus csrcles timed to 

j 

have a certain bus cycle frequency and a corresponding bus 
cycle period and / 

a means for operating said clock generator with a 
period of twice the bus cycle period. 



77. The bus subsystem of claim 76 wherein said bus cycle 
frequency is greater than approximately 50 KHz and less than or 
10 I'J equal to approximately 500 VXz, 



r\\ 78. The bus subsystem of <^aim 73 further including a 

semiconductor device having internal device clock generating 
' - means to derive the midpoint/ time between said early and 
15 I = corresponding late bus clock signals and to generate an internal 
= device clock synchronised t^ said midpoint time. 



79. The bus subsystetQ of claim 73 further including a 
semiconductor device having a low-skew clock generator circuit 

20 comprising / 

a first delay line having an input, an output and a 
basic delay and means for synchronising the output of said 
first delay line with said early bus clock signal, 

a second deldy line having said basic delay plus a 
25 variable delay, ^aid second delay line having an output and 
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a Mans for .ynchronlclng the butpat of •aid .econd delay 
line with said late bus clock /signal, and 

a third delay line havlni a third delay and a aeans to 
set said third delay midway between the delays of said first 
and second delay lines, said! third delay line having an 
output which provides an Internal device clock signal 
synchronized to a time halfway between said early and said 
late bus clock signals. / 

80. The bus subsystep^f/ clajl ^^ wherein said early and 
said late bus clock signals Joe idW-voltage-swing signals that 
transition cyclically bitweei^^and high logical values, and 
further Including a Bemtcon^tol^devLce having a low-skew clock 

generator circuit comprising 

a DC amplifier t^ convert said early and said late bus 
clock signals into full-swing logic signals, 

a first variable! delay line having a first variable 
delay and an input Jnd an output, the Input of said first 
variable delay line/being connected to said DC amplifier 
a first, a sec'ond and a third additional delay line, 
each having an LnJat and an output, the input of each of 
said additional dilay lines being connected to the output of 

said first delay /line, 

said first additional delay line having a fixed 

delay. 
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said second addltioiial delay line having said 
fixed delay plus a second variable delay, and 

said third additioiial delay line having said fixed 
delay plus one half of laid second variable delay, 
a first clocked input Receiver connected to sample said 
early bus clock signal and /gated by said output of said 
first additional delay line, 

a means for adjustini said first variable delay so said 
first clocked input receipt samples said early bus clock 
signal just as said ea^rlly byxi clock signal transitions, 

a second clocy^e/ tLWrecQlvBT connected to sample 
said late bus clocyf blLa/ and gated by said output of said 
second additional deiay line, 

• a means for ad juitin^ said second variable delay so 
said second clocked input receiver samples said late bus 
clock signal just J said late bus clock signal transitions, 
whereby said oitput of said third additional delay line 
is synchronized to /a time halfway between said outputs of 
said first and sai/d second additional delay lines, and said 
output of said tlird additional delay line provides an 
internal device Clock signal. 

81. The bus adbsystem of claim 80 further comprising a 
semiconductor device having 
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a first one of said low/skew clock generator 
circuits %»hich generates a "[true" internal device clock 

signal and / 

a second one of said low-skew clock generator 
circuits connected to gene^rate a "complement" internal 
device clock signal synchronised with but opposite in 
logical value to said "true" internal device clock 
signal. 



82. A DRAM device designedpo be connected to an external 
bus having a plurality of b\i/ lliies/for carrying substantially 
all address, data and control iAfortaation needed by said DRAM 
device as a sequential series of/ bits , . said control information 
including device-select iAfori^ticii , said external bus containing 
substantially fewer said bus lines^than the number of bits in a 
single address, and said bus /carrying device-select information 
without the need for separate device-select lines connected 
directly to said DRAM device, said DRAM device coii5>rising 

an array of memor/ cells connected in rows and columns, 
each of said memory cells adapted to store one of said bits, 
a row address .selection means for selecting one of said 
rows. 



a column sense /amp connected to each of said columns, 
each of said columJ sense amps adapted to latch one of said 
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bits as a binary logical value or to prechargo to a selected 
state, 

a column decoding means connected to each of said 
column sense amps for selecting a plurality of said column 
sense amps for inputting /one of said bits to or outputting 
one of said bits from said memory cells, 

an internal I/O hnj having a plurality of internal I/O 
lines wherein each of sdid internal I/O lines is connected 
to a plurality of saWt^umn sense amps, and 

a plurality of^us cbhnection. means designed to connect 
said interaal I/O linL to said external bus, 

whereby a /seleciedTbit of said sequential series of 
bits can be tl^sf^jfred from said external bus to a selected 
one of said memory /cellV or said bit contained in a selected 
one of said memory/ cells can be transferred to said external 
bus. 

83. The DRAM deilce of claim 82 further comprising 

an output <iciver connected to one said bus connection 

means, / 

an output/multiplexer having an output connected to 
said output diiver and a plurality of inputs, each of said 
inputs being /connected to one of said internal I/O lines, 
and 
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a control means to select whether said outpnt driver 
can drive said external bus, / 

vhereby a plurality of neitory cells are selected using 
said row address selection neJns and said coluam decoding 
means and a plurality of bits / contained in said plurality of 
memory cells are output through eaid column sense amps to 
said internal I/O bus to said output multiplexer to said 
output driver to said external bus. 

84. The DRAM device of c^m 82' further comprising 

a plurality of input receivers connected to one of said 
bus data lines and to ^ai^ilntfemal I/O bus, 

a selection means f or / selebting said input receivers 
one by one to sense and store, one at a time, the bits of 
said sequential series of /bits, and 

a control means to sfelect whether an input receiver can 
drive said internal I/O bus, whereby a bit of said 
sequential series of bitfe is input from said external bus 
through one of said inpJt receivers to one of said internal 
I/O lines to one of said column sense amps to one of said 
memory cells. 
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85. The DRAM device of claim |82 further con^rising 

a first and a second half -array of said memory cells 
herein each said row of sai^ array of said memory cells is 
subdivided into tMO parts, 

a first and a second oAe of said internal I/O buses 
connected to said column sense amps in said first and said 
second half -arrays, respectively, and 

a column decoder means to gate selected ones of said 
col\unn sense amps connected--to said memory cells in a 
selected row of said f^t axxjl said second half-arrays 
simultaneously. 




86. The DRAM devic^vfifKclaim 85 wherein said column decoder 
means selects sixteen column sense amps at a time. 



87. The DRAM device of claim 82 wherein said external bus 
operates at a certain speed and wherein said DRAM device includes 
four of said internal I/O buses, each of vihich operates at one- 
fourth the speed of said/ external bus. 

88. The DRAM device of claim 82 further comprising 

a means for c/recharging one of said column sense amps 
to a precharged ^tate from which a binary logical value can 
quickly be loade^ into said column sense amp. 
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if said column eonse amp con,taln8 a binary logical 
value, a means for latching the /logical value curr«xtly 
contained in eaid column sense ^amp and 

a means for instructing siid DRAM device to precharge 
said column sense amp or latch said binary logical value in 
said column sense amp. 

89. The DMK device of oJiM 88 further compri.ing « 
for instructing s.id DRAM deviefe to precharge .aid column .ense 
eop without further instructio4 whenever .aid row addres. 
.election means select, a di^i^nt one of .aid ro«. 

90. The DRSM device^fValm 88 further comprising a means 

for instructing said Dp4/^t>° ^"'""^^ 
amp without further inst^ction at a first or a second 
preselected time after l/tching the latest said binary logical 
value, said first prese/ected time being long enough for .aid 
DRM. to latch said bin/ry logical value into .aid column sense 
amp and transfer .aid/,inary logical value into memory or onto 
one of said internal /l/O lines, and said second preselected time 
being a variable wh^h can be stored in said DRWl device whereby 
.aid »R*M can latch/, binary logical value into .aid column sense 
amp for transferrl/g said binary logical value into or out of a 
selected said memory cell, then precharge to allow a faster 
subsequent read or write. 
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91. A package containing 

a semiconductor die having a aide, circuitry and a 

I 

plurality of connectinjl areas positioned along or near said 
side, spaced at a selec'ted pitch and coimected to said 
circuitry, 

said package compj rising a plurality of bus connecting 
neans for connecting to a plurality of external bus lines, 
each of said external bus lines corresponding to one of said 
connecting areas, each of said bus connecting means being 
positioned 9x»-a first side of said package, 
connected^) dne\Baid external bus line and to 
said correspond! igf connecting area on said 



semiconductor di 



J! 



Spaced at 

i 



and 



pitch substantially identical to said 



selected pitri/ofWid connecting areas. 



%ffhereby each of 



said external bus lines can be 
connected to said corresponding connecting area on said 
semiconductor die by bus connection means positioned along a 
single side of said | package , 



92. The package of 



claim 91 further comprising a plurality 
of said bus connecting means wherein each of said bus connecting 

meems includes 

a pin adapted, 'for connection to one of said external 

bus lines and 
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a wire connecting said pin to one of said connecting 
areas on said semiconductor /die, 

said wire having an effecti^^e lead length less than about 4 
aillineters and wherein the effective lead length of said wire of 
each of said bus connection means for said package is 
approximately equal. 

93. A plurality of packag^es of claim 91 wherein at least 
two of said semiconductor die are memory devices, each of said 
packages being generally flatj^av^ng a top and a bottom, and 

wherein 

said packages are physically secured adjacent and parallel 
to each other in a stack^ 

where a first one of-s^d packages is adjacent to a second 
one of said packages in said/ stack, said top of said first 
package is substantially all/gned with said bottom of said second 
package, and / 

said bus connecting means of each of said packages are 
substantially aligned and are lying substantially in a plane. 

94. The plurality of / packages of claim 93 further 
comprising a plurality of /stacks wherein each of said bus con- 
necting means can be eleC|trically connected to corresponding said 
bus connecting means in each of said stacks. 
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95. A semiconductor device 



capable of nse in a semi- 



conductor bus architecture including a plurality of semiconductor 
devices connected in parallel tc a bus %»herein said bus includes 
a plurality of bus lines for caxxying substantially all address. 



data, control and device-select 



information needed by said 



semiconductor device for communication with substantially every 
other semiconductor device conn acted to said bus, and has 
substantially fewer bus lines than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 



select line connected directly 
device, said semiconductor^vicjp' comprising 



connection means adap 



t^ said individual semiconductor 



id to connect said semiconductor 



device to said bus, and 

at least one ^o^di^abl^identif ication register 
accessible to said bus tt rough said connection means, 
whereby data may be tranimitted to said register via said 
bus and enable said device thereafter to be uniquely 
identified. 

96. The semiconductor dsvice of claim 95 wherein said 
semiconductor device is a meiiory device which connects 
substantially only to said bis and sends and receives 
substantially all address, d[ita and control information over said 
bus. 
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97. A semiconductor device capable of use in a semi- . 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to /a bus wherein said bus includes 
a plurality of bus lines for carrying substantially all address, 
data, control and device-select /information needed by said 
semiconductor device for commim'i cation with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines ^an the number of bits in a single 
address, and carries device-select information for said 
semiconductor device witho)itYSi^ need for a separate device- 
select- line connected dLiectly to said individual semiconductor 
device, said semiconductor ddrLce comprising 

connection means/adapted to connect said semiconductor 
device to said bus, and y 

at least one modifiable register to hold device address 
information, said modifiable register accessible to 
said bus throu^ said connection means, vrtiereby data 
may be transmitted to said register via said bus nAich 
enables said dfevice thereafter to respond to a 
predetermined/ range of addresses. 

98. The semiconductor device of claim 97 wherein said 
semiconductor device is a memory device which connects 
svibstantially only to said bus and sends and receives 

« 
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substantially all address, data' and control Information over said 
bus. 

99. The semiconductor device of claim 98 wherein said 
memory device has at least one' discrete memory section and also 
has at least one modifiable aidress register adapted to store 
memory address information vh^ch corresponds to each said 
discrete memory section. 

100. The semiconducto/Jevifcl of claim 99 vherein said 
memory address informati/n cLpiises a pointer to said discrete 
memory section. 



101. The semiconductor 
discrete memory section has 



device of claim ICQ wherein said, 
a top and a bottom and said memory 
address information comprises pointers to said top and said 
bottom. 



102. The semiconductoL device of claim 100 wherein said 
memory address information comprises 

a pointer to said discrete memory section and 
a range value iLdicating the size of said discrete 
memory section. 
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103. A Bemiconductor device capable of use In a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in parallel to j bus wherein said bus Includes 
a plurality of bus lines for carrying substantially all address, 
data and control inf onoation needled by said semiconductor device 
for communication with substantiklly every other semiconductor 
device connected to said bus, ai/d has substantially fewer bus 
lines than the number of bits i^ single address, said 
semiconductor device comprisij 

connection means >dai>te^ to connect said semiconductor 

device to said bus, 

at least one mc^iffibli access-time register accessible 
to said bus through said connection means, whereby data may 
be transmitted to said iegister via said bus irtxich 
establishes a predeteniined amount of time that said 
semiconductor device thereafter must wait before using said 
bus in response to a request. 

104. The semiconductJr device of claiin 103 %dierein said 
semiconductor device is a/ memory device which connects 
substantially only to said bus and sends and receives 
substantially all addres^, data and control information over said 
bus. 
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105. The semiconductor device of claim 103 further 
comprising at least two acceis-tlme registers and one of said 

srmanc 



access-time registers is pe: 
fixed value and at least one 



conductor bus architecture :. 
devices connected in paralls 
a plurality of bus lines for 



lently prograsomed to contain a 
of said access-time registers can be 



modified by information carried on said bus. 

106. A semiconductor dJvice capable of use in a semi- 



.ncluding a plurality of semiconductor 
a bus wherein said bus includes 
caixying substantially all address. 



data, control and devicZ-seleof information needed by said 
semiconductor device fir cc^ication with substantially every 
other semiconductor de^^ice^ connected to said bus, and has 
substantially fewer bus liies than the number of bits in a single 
address, and carries device-select information for said 
semiconductor device without the need for a separate device- 
select line connected directly to said individual semiconductor 
device, and wherein each ii aid bus line is a terminated 
transmission line, said s<smiconductor device comprising 

connection mean«; adapted to connect said semiconductor 

device to said bus, and 

a bus line driJer capable of producing a low-voltage- 



swing signal on one 



of said terminated transmission lines. 
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107. The •emiconductor device of claim 106 wherein said 



semiconductor device is a memory 



device which connects 



substantially only to said bus and sends and receives 
substantially all address, data And control information over said 

bus. 

108. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 



devices connected in parallel t' 
a plurality of bus lines for c 
data, control and device-sel 



a bus wherein said bus includes 
frying substantially all address, 
bt! inf ojflMition needed by said 



/ 



semiconductor device for coLunica^ion with substantially every 
other semiconductor device ^m^ctedlto said bus, and has 
substantially fewer bus lines iJian tli^ number of bits in a single 
address, and carries device-select information for said 
semiconductor device without tlie need for a separate device- 
select line connected directJ to said individual semiconductor 
device, said bus further incliding at least one bus clock line 
for carrying early and late bus clock signals, said semiconductor 

device comprising 

connection mekns adapted to connect said semiconductor 

device to said bus, and 

an internal device clock generating means which 
generates an internal device clock synchronized to a time 
halfway between said early and said late bus clock signals. 
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109. The .emiconductor devicL of clain 108 wherein .aid bus 
further Includes a first and a sicond one of said bus clocdc 
lines, said first bus clock linJ carries said early bus clock 
signal and said second bus clocjt line carries said late bus clock 
signal, said semiconductor devi'ce further comprising a means to 
detect said early bus clock signal on said first bus clock line 
and a means to detect said latjL bus clock signal on said second 
bus clock line. 

110. The semiconductor d'evice of claim 109 wherein said 
semiconductor device is a miS^^ which connects 
substantially only to sai^b'us a/d sends and receives 
substantially all addr^s, iayfand control information over said 

bU8« 

111. A semiconductor device capable of use in a semi- 
conductor bus architecture including a plurality of semiconductor 
devices connected in paraLel to a bus wherein said bus includes 
a plurality of bus lines /for carrying as a sequential series of 
bits substantially all akdress, data, control and device-select 
information needed by sa'id semiconductor device for communication 
with substantially everi^ other semiconductor device connected to 
said bus, and has substantially fewer bus lines than the number 

'of bits in a single adiress, and carries device-select 
information for said ^'emiconductor device without the need for a 
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separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means adapted to connect said semiconductor 

device to said bus, I 

a plurality of input /receivers connected to one of said 

bus data lines and I 

a selection means for selecting said input receivers 



one by one to sense and store, one at a time, the bits of 
said sequential series of bita. 



112. The semiconductor devide of claim 111 wherein said 
semiconductor device is a memp^ 'device v^ich connects 
substantially only to sa^d^8 and sends and receives 
substantially all address, data and control information over said 
bus. 



113. The Bemiconductor device of claim 112 wherein two input 
receivers are connected tol one of said bus lines. 

114 . A semiconductor Idevice capable of use in an 
architecture for a semiconductor system bus including a plurality 
of semiconductor devices jconnected in parallel to a bus wherein 
said bus system includes la plurality of bus lines for carrying 
substantially all address, data, control and device-select 
information needed by sa'id semiconductor device for communication 
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with .ubstantially every other seiAiconductor device connected to 
•aid system bus, and has substantially £e%^er bus lines than the 
number of bits in a single addreJs, and carries device-select 
information for said semiconductor device without the need for a 
separate device-select line connected directly to said individual 
semiconductor device, said semiconductor device comprising 

connection means idapjbed to connect said semiconductor 

device to said system bus, 

an internal input/oujtput bus within said semiconductor 
device having more lines JjAan^ said, system bus, and 

a means for multijdlxin^ the lines of said internal bus 
to the lines of sai^^syJtem/bus, whereby said system bus can 
run at a higher sp^ed thah/said internal bus. 

115. The semiconductor /device of claim 114 wherein said 
semiconductor device is a n4mory device which connects 
substantially only to said /system bus and sends and receives 
substantially all address,/ data and control information over said 
system bus. 



116. A semiconductor device capable of use in an 
architecture for a semicinductor system bus including a plurality 
of semiconductor deviceJ connected in parallel to a bus wherein 
said system bus include! a plurality of bus lines for carrying 
substantially all addrjss, data, control and device-select 
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Infonnation needed by said aeniconducior device for coamunication 
with substantially every other semiconductor device connected to 
said system bus, and has substantiayiy fewer bus lines than the 
number of bits in a single address,/ and carries device-select 
information for said semiconductor/device without the need for a 
separate device-select line conneofted directly to said individual 
semiconductor device, said semicobductor device comprising 

connection means adapt/d to connect said semiconductor 

device to said system bus, 

an internal Ln^nt/oJ^hMB within said semiconductor 
device having more li^s ihah/ said system bus, 

a means for mul/iplixlJ^ the lines of said internal bus 
to the lines of sai[d syM bus, %^ereby said system bus can 
run at a higher speW^ai said internal bus, and 

at least one modifiable identification register 
accessible to said syitem bus through said connection means, 
whereby data may be ^ransmitted to said register via said 
system bus and whicJ enables said device thereafter to be 
uniquely identified/. 

117. The semiconductor device of claim 116 wherein said 
semiconductor device iL a memory device which connects^ 
substantially only to/said system bus and sends and receives 
substantially all ad/ress, data and control information over said 
system bus. 
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118. A semiconductor device 
architecture for a semiconductor 



of semiconductor devices connected in parallel to a bus therein 



said system bus includes a plural 
substantially all address, data. 



capable of use in an 

system bus including a plurality 



ity of bus lines for carrying 
control and device-select 



information needed by .aid ,e»icLductor device for co»»»nic.tion 
with substantially every other semiconductor device connected to 
„id system bus, and has .ubsta,.tiaUy fewer bus line, than the 
nu^r of bite in a single .ddr .«, and carries device-select 



information for said semicondj 



rs< 



semiconductor device, said 
connection means 
device to said system bus 
an internal input/ou 
device having more lines 



tor 



kevice without the need for a 



/ rt<i-ectlv to said individual 

separate device-select line /cor nect^d directly to 



conductor device comprising 

to connect said semiconductor 

V 



tput bus within said semiconductor 
than said system bus, 
a' means'for ..ultipJxing the lines of said internal bus 
to the lines of said sysU b».. whereby said .ystem bu. can 
run at a higher .peed tWan .aid internal bu., and 

St lea.t one »odif Jable regi.ter to hold device addre.. 
information, .aid modifiable regiater acces.ible to .aid 
system bus through salJ connection means, whereby data may 

register via said system bu. which 
HaWrsTairdev'ice thjreafter to respond to . predetermined 
range of addresses. 
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119. The semiconductor davico of claln 118 vheroin said 
semiconductor device is a neitory device which connects 
substantially only to said system bus and sends and receives 
•ubBtantially all address, djita and control information over said 
systea bas* 

120. The semiconductor device of claim 119 wherein said 



one discrete memory section and also 
address register adapted to store 
>»!(ich\corresponds to each said 



memory device has at least 
has at least one modifiable 
memory address information 
discrete memory section. / 

121. A semiconductor c evl/e capable of use in an 
architecture for a sen\conj/toi system bus including a plurality 
of semiconductor devices connected in parallel to a bus wherein 
said system bus includes <| plurality of bus lines for carrying 

data and control information needed by 
for communication with substantially 
device connected to said system bus, 
er bus lines than the number of bits in 
a single address, said semiconductor device comprising 

connection mear s adapted to connect said semiconductor 

device to said systsm bus, 

an internal in; >ut/output bus within said semiconductor 
device having more lines than said system bus. 



substantially all address 
said semiconductor device 
every other semiconductor^ 
and has substantially fe- 
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a means for multiplexing the Vines of said internal bus 
to the lines of said system bus, Whereby said system bus can 

run at a higher speed than said Internal bus, and 

at least one modifiable acofess-time register accessible 
to said system bus through said/ connection means, vhereby 
data may be transmitted to saiA register via said system bus 
which establishes a predetermined amount of time that said 
semiconductor device thereaft/er must wait before using said 
system bus in response to a Arequest. 



122. The sexniconductor 
semiconductor device is a 
substantially only to sai 
substantially all address, 
system bus. 



sy£ 



ice of claim 121 wherein said 
ivice which connects 
bus and sends and receives 
ind control information over said 



123. The semiconductor device of claim 121 further 
comprising at least two adfeess-time registers and one of said 
access-time registers is Permanently programmed to contain a 
fixed value and at least/one of said access-time registers can be 
modified by information /carried on said system bus. 

124. A semiconductor device capable of use in a semi- 
conductor bus archite/ture including a plurality of semiconductor 
devices connected in/parallel to a bus wherein said bus includes 
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a plurality of bus lines for carryixi eubstantially all address, 
data, control and device-select information needed by said 
•emiconductor device for connnunicatton with substantially every 
other semiconductor device connected to said bus, and has 
substantially fewer bus lines than/ the number of bits in a single 
address, and carries device-selecJ information for said 
semiconductor device without the Aeed for a separate device- 
select line connected directly tcJ said individual semiconductor 
device, wherein said address, datfa, control and device-select 
information is carried over sajJ^SuTsin the form of request 
packets and bus transaction^s^id sjaiiconductor device 
comprising 

connection mean^ adapjte/ /o connect said semiconductor 

device to said bus, 

a means to receivrsiid r^uest packets over said bus, 
a means to decode ii|formation in said request packets, 

and 

a means to respond ^o said information in said request 
packets . 

125. The semiconductor /device of claim 124 wherein said 
means to decode inf ormatioif in said request packet further 
comprises 

a means to identify and decode said control information 
in said request packet. 
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a means to identify and decode said device-select 
information in said requetot packet, . 

a means to identify knd decode said address information 
in said request packet and 

a means to determini whether said control information 
or said address informatjion instructs said semiconductor 
device to begin a response. 



126. The semiconductor device of claim 124 \Aerein each of 



said bus transactions is ca 
and said control informat 
wherein said means to i^ntp.fy 
request packets includ 
on said bus as one of \said 
address and said control i 



in 



is a {means 



.e( 



ito\ 



out in response to said address 
me of said request packets and 
and decode information in said 

to identify a sequence of bytes 
est packets containing said — 
tion, said control information 
including information about the type of said bus transaction 
being requested and the adcess time which needs to intervene 
before beginning said bus! transaction over said bus and said 
address and said control llnformation includes device-select 
information instructing Jne or more said semiconductor devices to 
respond to said address ind said control information. 



127. The 
comprising 



semiconductor device of claim 124 further 
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sent e 



a plurality of 
a selected state or to : 

a means to hold 
state after latching ono 

a means to prechar^e 

a means for 
should precharge said 
sense amplifiers in an 



selecting 



amplifiers adapted to precharge to 
atch a bit of information, 

sense amplifiers in an unmodified 
of said bits of Information, 
said sense amplifiers and 
whether said semiconductor device 
amplifiers or should hold said 
Unmodified state. 



sonse 



control information, further 



further Including 
read dat 



128. The semiconductor device of claim 124 wherein said 
means to respond to said information, where- said information is 

iLses a means to 



;omprj 



transfer a data/fclcck du|ing a data block transfer. 



means to 



frori said semiconductor device and 
write data"lHto sai^ semiconductor device, and 
initiate a data blcck transfer, 
transfer a data blcck of a selected size, 
transfer a data blcck at a selected time, 
access a control register, including a means to read 
from or %»rlte to said control register, or 
select normal or p«ge-mode access. 

129. The semiconductor c evice of claim 124 further 
comprising a means to respond to said information in said request 
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packet If said infonnation indludoB a device identification 
number unique to said semiconductor device. 

130. The semiconductor device of claim 124 further 
comprising a means to resporJl to said information in said request 
packet if said information Includes a special device 
identification number which/ calls for said semiconductor device 
to respond. 



131. The semiconduct 
comprising a means to 
packet if said inform^itioi 
semiconductor device 



deviice of claim 124 further 
>nd /o said information in said request 
ludes an address unicpie to said 



132. The semiconductor device of claim 124 further 
comprising a means to iJterpret said control information and 
decode the time to wait| before beginning said bus transaction 
over said bus. 

133. The semiconductor device of claim 124 further 
comprising a means to /interpret said control information and 
decode the size of a jdata block to transfer during one of said 
bus transactions. 
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134. The semiconductor device if claim 124, 125, 126, 127, 
128, 129, 130, 131, 132 or 133 vheJein said semiconductor device 
is a siemory device which connects tubstantially only to said bus 
and sends and receives substantially all address, data and 
control information over said bus 



135. A semiconductor device /capable of use in a semi- 
conductor bus architecture inciting a plurality of semiconductor 
devices connected in parallel tJ a bus wherein said bus includes 
a plurality of bus lines for cJa^ substantially all address, 
data, control and device-selicJ infoAiation needed by said 
semiconductor device for/bommuiicat^^n with substantially every 



to said bus, and has 
in iShe number of bits in a single 



other semiconductor dev 
sxibstantially fewer busVlinesj 

address, and carries devi^^lect iJifoxmation for said 
semiconductor device without /the need for a separate device- 
select line connected directiy to said individual semiconductor 
device, wherein said addresJ, data, control and device-select 
information is carried over/ said bus in the form of request 
packets and bus transactiox/s, said semiconductor device 
comprising 

connection means/ adapted to connect said semiconductor 

device to said bus, 

a means to encoie address and control information in 

said request packets and 
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a means to send said tequest packeta over said bus. 

136. The eemiconductor deilce of claim 135 further 
conpriBing a means to request /a bus transaction %*herein each of 
said bus transactions is carried out in response to said address 
and said control information /in one of said request packets, and 
wherein said means to encode/ information in said request packets 
includes a means to mark a Sequence of bytes on said bus as one 
of said request packets, said control information including 
information about the typJ^fTkd bus transaction being 
requested and the access/ttme which needs to intervene before 
beginning said bus tra/sa Jtio/ over said bus and said address and 
said control information L^de device-select information 
instructing one or mowXd Semiconductor devices to respond to 
said address and said cohtrol information. 

137. The semiconduitor device of claim 135 herein one or 
more of said plurality /of semiconductor devices has a unique 
device identification lumber, said semiconductor device further 
comprising a means to /send control information to a specific one 
of said plurality of Semiconductor devices by including in said 
request packet a selJcted said device identification number. 



138. The semiconductor device of claim 135 vherein each of 
said plurality of simiconductor devices is adapted to respond to 

High Performance Bus Interface -118- 



a special device identification Lunber, said semiconductor device 
further cooprieing a means to s Jnd control information to each of 
said plurality of semiconductor/ devices by including in said 
request packet said special deJice identification number. 

139. The semiconductor deiice of claim 135 %Aerein one or 
more of said plurality of semiconductor devices is a memory 
device having a plurality of Addresses, said semiconductor device 
further comprising a means tJ send control information to a 
specific address or range of /addresses in one of said plurality 
of semiconductor devices by Ld^ding said- specif ic address or 
range of addresses in said/^equfest packet. 

140. The 8emicond^^torld/kce of claim 135 vherein at least 
one of said request pai^ceJ^ li a request packet requesting a bus 
transaction vhich is f olloled W a corresponding one of said bus 
transactions, said semiconductor device further comprising a 
means to encode said contiol information to specify directly or 
indirectly the time betwejLn the end of said request packet 
requesting a bus transact/ion and said corresponding bus 
transaction over said bus. 

141. The semiconduJtor device of claim 140 wherein one type 
of said bus transaction^ is a transfer of a data block, said 
semiconductor device f Jrther comprising a means to encode said 
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control information to specify jthB size of said data block to 
transfer. 

142. The semiconductor dJrice of claim 140 further 
comprising a means to keep trick of current and pending bus 
transactions, whereby colUsiJons on said bus are avoided because 
said semiconductor device aviids initiating bus transactions 
which would conflict with ctirent or pending bus transactions . 

143. The semiconductw^evi^ of claim 135 wherein said 
semiconductor device is / Arst /master device and one of said 
plurality of semicondv/tor|de^es is a second master device, 

further comprising 

a collision W^tinJ means whereby said first m«ter 
device when sending L first one of said request packets can 
detect said second Jaster device sending a colliding one of 
said request packet!, where said colliding request packet 
nay be sent simultaneous with the initial sending of or 
overlapping the seJding of said first request packet, and 

an arbitratioi means whereby said first and said second 
master devices seJect a priority order in which each of said 
master devices wif 1 be allowed to access said bus 
sequentially. 
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144. The semiconductor devici of claim 143 wherein .aid 
.emiconductor device is e master /device and at least one of said 
plurality of semiconductor devicjLs is a master device, each of 
said master devices has a masteJ ID number and each of said 
request packets includes a mastir ID position which is a 
predetermined number of bits iii a predetermined position in said 
request packet, and wherein said collision detection means 

comprises / 

a means for said seJtconductor device to send its 

master ID number in saidJ?;«mest packet and 

a means to detect coll|tion and invoke said 

arbitration means if /aid s«kconductor device detects any 

other master ID numl4r L/Ld master ID position. 

145. The Bemiconducto^devik of claim 144 wherein said 
system bus architecture iniludes a means for carrying information 
on said bus during bus cyies, said semiconductor device further 

comprising / 

a means for driving a selected bus line or lines during 

at least one selectid bus cycle while sending each said 

request packet, / 

a means for mjLitoring said selected bus line or lines 
to see if another Lid master device is sending one of said 
colliding request (packets and 
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a means for informingjall said master devices that a 
collision has occurred an<} for invoking said airbitration 
means. 

146. The semiconductor defjrice of claim 145 further 
comprising 

a means, when sendiAg a request packet, for driving a 
selected bus line or liJes with a certain current during at 
least one selected bus cycle, 

a means for monitotini said selected bus line or lines 



for a greater than no 
master device is dr 

a means for d^ecjl 

and 

a means for info 



rinc 

ll CI 



ihg thjSt 



xent to see if another said 

line or lines, 
aid greater than normal current. 



ig 



^blII said master devices that a 
collision has occurred and for invoking said arbitration 



means . 



147. The semiconduct/or device of claim 143 wherein said 

arbitration means comprises 

a means for initiating an arbitration cycle, 
a means for allocating a single bus line to each said 
master device durilig at least one selected bus cycle 
relative to the start of said arbitration cycle. 
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« „.„B for .llocatmg .ach .aid »ast.r deriw to . 
bu. line d»ri»g one Lf "Id .elected tou. cjcl*' « 
there .re «re «..ter devlJe. """"^l* *^ 

. .e«. for eeoh of .jld »..ter device. «hlch .«tt one 
„£ ..id colliding request U=1cet. to drive ..Id bu. line 
.Uocated to .aid na.ter ievlce during ..Id .elected b». 
cycle, and 

. „ea«. in at least tne of .aid »a.ter devices for 
storing Infor^tlon aboui vhlch master devices sent one of 
said colliding request piclcets, 

,*ereby said masteJ devices can monitor selected bus 
lines during said arbiXtionJcycle and Identify each said 
„ster device «hich ^n|. oneyof said colliding request 
packets • 

148. The semiconduc^levic^of claim 143 wherein .aid 

arbitration means comprisef 

. means for IdenJlfylng each of .aid master devices 
„hich sent one of salil colliding request packet., 

. mean, for a.sJgnlng . priority to each .aid ma.ter 
aevice vhich sent oni of said colliding request packets, «>d 

. means for auUg each said master device «hlch sent 
one of said collidiig request packets to access the bus 
sequentially .ccordlng to that priority. 
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149. The eemiconductor /device of claia 143 %fherein said 
priority iB based on the ^P^^l location of each of said aaster 
devices . 



150. The semiconducti: de^ce of claim 143 wherein said 
priority is based on saidj master ID number of said master 
devices . 
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